Stroke patients show respiratory insufficiency due to limited physical activity(1). In particular, the patients' cardiopulmonary functions are directly and indirectly affected due to decreased movement of the chest wall and electrical activity of the paretic side(2). Furthermore, the respiratory muscles, including the diaphragm, are paralyzed so that the lung and the thorax cannot be sufficiently dilated. If this condition persists, the thoracic tissues may be shortened, and the thoracic muscles may undergo fibrosis to reduce the compliance of the thorax. This in turn causes various respiratory system complications, such as atelectasis, changes in muscle force, which may directly and/or indirectly obstruct the performance of daily living activities, and asymmet-rical postures or movement forms, which may hamper the stability of motion thereby making the performance of fine extremity functions difficult(3).
This muscle force weakening appears not only in extremity muscles but also in the muscles distributed in the trunk, affecting both the major and accessory respiratory muscles(4). In particular, respiratory muscle weakening affects dyspnea and the ability to perform exercise so that therapeutic interventions, such as ventilatory muscle training, are required to reinforce respiratory muscle functions in order to relieve gasping respiration and improve exercise tolerance(5). Therefore, to solve the problems of declining efficiency in patients' breathing and changes in patients' respiratory mechanisms, chest wall dilation and ventilation and lung capacity and volume need to be appropriately maintained(6), after assessing
INTRODUCTION
This study is to examine the effects of a feedback breathing device exercise and diaphragm breathing exercise on pulmonary functions of chronic strokes patients. The selection of 20 subjects was divided equally and placed into a experiment group and a control group and the intervention was applied four times per a week for five weeks. In each session, both groups received rehabilitative exercise treatment for 30 minutes, and a feedback breathing device exercise for 15 minutes. In addition, experimental group conducted a combination of diaphragm breathing exercise for 15 minutes. Prior to and after the experiment, patients' pulmonary functions were measured using a spirometer. The pulmonary function tests included FVC, FEV1, FEV1/FVC, PEF, VC, TV, IC, ERV, IRV. With respect to changes in the pulmonary functions of both groups, the experimental group significantly differed in FVC, FEV1, TV, ERV but did not in PEF, FEV1/FVC, VC, IRV. The control group did not significantly differ in any of the tests. There were significant differences in FEV1, FEV1/FVC, TV, ERV between the two groups, but no significant differences in FVC, PEF, FEV1/FVC, VC, IRV between them after the experiment. The experimental group, which conducted a combination of a feedback breathing device exercise and diaphragm breathing exercise, saw their respiratory ability increase more significantly than the control group. The breathing exercise was found to improve pulmonary function in chronic stroke patients.
Effects of Feedback Respiratory Exercise and Diaphragm Respiratory Exercise on the Pulmonary Functions of Chronic Stroke Patients
patients' functional abilities. This is done by accurately measuring their pulmonary function, diagnosing their diseases, and assessing the prognosis and degrees of their diseases to obtain the basis of appropriate exercise prescriptions (7) .
Many studies related to breathing exercises have been conducted with a view to reinforcing respiratory function. One of these studies reported that therapy that combines diaphragm breathing and pursedlip breathing exercises, which are widely performed by chronic obstructive pulmonary disease(COPD) patients, showed larger improvements in patients' respiratory rates and oxygen consumption compared to other exercises (8) . Another study reported that pursed-lip breathing exercises performed by COPD patients showed decreases in the last expiratory capacity and the last inspiratory capacity as well as increases in instantaneous ventilation(9). A further study reported that, after respiratory system kinesiotherapy in myotonic muscular dystrophy patients, breathing capacity per session at normal times, oxygen saturation, and instantaneous ventilation increased while respiratory rates and the last expiratory capacity decreased(10).
In a study of breathing exercises for cystic fibrosis patients using breathing apparatus along with expiratory positive pressure treatment, it was reported that increases in lung capacity made air turn the secretions clogging small airways around and help them move(11). A study conducted by McConnell and Romer established that, when normal persons were trained using feedback breathing device, their inspiration significantly increased(12), and Spengler et al reported that vital capacity increased in an experiment with feedback breathing device(13). Later studies aiming to improve stroke patients' respiratory functions have also been conducted. Lee JH. found that significant increases in forced vital capacity and pulmonary functions appeared after breathing training for stroke patients using breathing device(14).
However, in other studies, when stroke patients received direct function reinforcement training, which included muscle force and aerobic exercises, the patients' metabolism levels and functional muscle force significantly increased(15, 16), postural stability improved(17), and coordination was enhanced (18). Based on these theoretical bases, implementing direct respiratory muscle training on stroke patients is effective; however, the reality is that, due to limited treatment time, the treatment of stroke patients is limited to interventions for physical functional recovery or relies on mechanical breathing training, even when breathing training is implemented. Therefore, the purpose of the present study is to examine the effects of a combination of direct resistant Diaphragm breathing exercise and feedback breathing device exercises for stroke patients' respiratory functions
This study was conducted in a hospital located in Daegu Metropolitan City, from March 1 to May 31, 2012. The subjects understood the purpose of this study and agreed to participation in it. The subjects of this study were 20 chronic stroke patients who had been diagnosed with stroke by computed tomography or magnetic resonance imaging(MRI), with a duration of at least six months after the onset of their stroke.
The subjects of the study were selected from among patients without any particular history of respiratory disease before the onset of stroke, and without combined injury such as congenital chest deformity, rib fracture, or history of treatment to increase pulmonary function. A further criterion for inclusion was that all subjects had to score 22 points or higher on the MMSE-K to ensure that they were able to understand and follow the researcher' s orders. The selection of 20 subjects was divided equally and placed into a experimental group and a control group.
Before training, all the patients were identically encouraged to receive conservation physical therapy for 30 minutes by a physical therapist having at least 5 years experience and the experimental group were there after made to train for four times a week for 30 minutes over a period of five weeks with additional tasks.
First, for the feedback breathing device exercise for 15 minutes, a therapist manipulated the device and the start button was pressed. When the scarlet notch was set to "in," the patient breathed in, and when the notch was set to "out," the patient breathed out. What was important here was that when the scarlet pilot lamp indicated "in" or "out," a green light was displayed, and a "bee" sound was heard. Thereafter, the normal feedback breathing exercise was initiated(14). If a patient complained of fatigue or dizziness during the breathing exercise, he or she took a rest
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Procedures METHODS before restarting the exercise. The experimental group conducted a combination of the diaphragm breathing exercise for 15 minutes. For the inspiratory diaphragm breathing exercise, the therapist placed his or her hands on the rectus abdominis muscle, just below the anterior costal cartilage, and induced inspiratory diaphragm breathing so that the patient breathed in slowly and deeply through his or her nose. The therapist then provided the appropriate resistance when the rectus abdominis muscle went up so that the patient could breathed in deeply. When the patient breathed in deeply, he or she maintained his or her shoulders in a relaxed state and did not move the upper chest, thus allowing only an abdominal rise. The patient breathed only his or her nose in air and then pursed lip with adjusted deep breathed out as much air as possible to slowly (8) .
A CardioTouch 3000S(Bionet, USA) was used as the measuring equipment for the pulmonary function test. Before measuring pulmonary function, the patient was asked to wear a nose clip to prevent nose breathing. The patient then was instructed to put on a mouthpiece and breathed three to five times in the usual manner. While doing so, and upon hearing the starting signal from the respiratory device, the patient was directed to speedy exhale and inhale as much air as possible. The measurement was completed after another two or three regular and complete breaths. For accuracy, the measurements at two group were taken after the researcher had given the patient a thorough explanation and demonstrated the methods of measuring pulmonary function. In each group, voluntary capacity(forced vital capacity(FVC), forced expiratory volume at one second(FEV1), forced expiratory volume at one second/forced vital capacity(FEV1/FVC), peak expiratory flow(PEF), tidal volume(TV), vital capacity(VC), inspiratory reserve volume(IRV), expiratory reserve volume(ERV), and inspiratory capacity(IC))were measured.
The data obtained from the A CardioTouch 3000S was statistically analyzed using SPSS 12.0 for Microsoft Windows. The change in each group' s pulmonary function between before and after the experiment, and the difference between the groups before and after the experiment, were analyzed using the paired comparison t-test and the independent sample t-test, respectively. Significance level was set to .05.
The general characteristics of the both groups are schematized in Table 1 .
In pulmonary functions prior to and after the experiment, the experimental group differed significantly in FVC, FEV1, TV, ERV(p<.05), but did not in PEF, FEV1/FVC, VC, IRV after the intervention (p>.05). The control group did not differ in any of the items(p>.05).
There were significant differences in FEV1, FEV1/FVC, TV, ERV between the two groups after the experiment(p<.05), but no differences in FVC, PEF, FEV1/FVC, VC, IRV(p>.05)( Table 2) .
Stroke patients show changes in respiratory regulation because increased carbon dioxide sensitivity and decreased voluntary breathing on the paretic side induce asymmetrical breathing (19) . These changes in the efficiency of breathing and the respiratory mechanism reflect damage to the movement of the chest wall, asymmetry, and the degree of muscular paralysis. To solve these problems, the chest wall dilation and ventilation and the lung Many studies have been conducted on breathing exercises with a view to improving the condition of respiratory function weakening caused by diverse diseases. In a study by Scherer et al., after continuous breathing training of COPD patients, significant increases in ventilation, inspiration threshold loads, and expiratory pressure were observed(20), and Sartori et al. reported that forced expiratory volumes for one second in patients with fibrous cysts significantly increased as a result of feedback breathing exercises(21). Liaw et al. demonstrated that, after spinal cord injury patients performed resistant inspiratory muscle strengthening exercises, the experimental group showed a 67% increase in vital capacity (22) . In their research, Van Houtte et al. found that, after performing exercises with gradually increasing expiratory loads, spinal cord injury patients showed a 34% increase in their vital capacity(23), while Estenne et al. described how, after performing pectoralis major muscle strengthening exercises, quadriplegia patients showed increases in expiratory reserve volumes of 47% (24) . Jones et al. established that the TV of COPD patients increased through diaphragm breathing exercises (8) , and another study determined that the last expiratory volumes and instantaneous ventilation of COPD patients increased through pursed-lip breathing exercises (24) .
Although there has not been as much research regarding training methods for stroke patients, a study by Lee JH. reported that, for pulmonary rehabilitation to be effective (14), it should be performed for 20-30 minutes per session, 2-5 times per week for 4-12 weeks (24) .
Therefore, in this study, stroke patients were divided into an experimental group that used feedback breathing device exercise together with diaphragm breathing exercises, and a control group that received only general physical therapy. The patients performed the training and exercises four times a week for five weeks, and changes in the patients' pulmonary functions between, before, and after the training and exercises were measured.
When pulmonary functions before and after the experiment were compared, the experimental group showed relatively improvements compared to the control group in all sections, and in particular, showed significantly greater increases in FVC, FEV1, TV, and ERV. Given these results, it is considered that the feedback breathing equipment training induced forced breathing by using certain mechanical signals to reinforce the respiratory muscle at constant intervals and intensity. Furthermore, the direct resistant inspiratory training, with assistance from the therapist, raised the patients' intraabdominal pressure to promote the activity of the diaphragm muscles thereby increasing the efficiency improve of respiratory major muscle and increased of elasticity of the chest wall. This led to increased vital capacity, in a similar way to the results of other previous studies. This study is to examine the effects of a feedback respiratory exercise and diaphragm respiratory exercise on pulmonary functions of chronic strokes patients. The experimental group, which conducted a combination of the feedback breathing device exercise and the diaphragm breathing exercise saw their respiratory ability increase more significantly. Therefore, it is the author' s hope that, based on the results of the present study, the training, which combines feedback breathing device exercises and the diaphragm breathing exercise will be actively used in addition to general physical therapy in the rehabilitation of stroke patients. The results of the present study can be effectively utilized as objective data on neuromuscular disease patients to improve weakened respiratory functions.
